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WHAT IS CLAIMED IS: 

^1. A control system for controlling an apparatus 

which\ includes an actuator that has a movable member and 

that Virges movement of the member in response to an 

actuator control signal, and which is operable to generate 
\ 

a digital position error signal representing an actual 
state ofYthe member, said control system comprising: 

a fi^st control portion responsive to an input signal 
representing a target position of the member, and operable 
in response! to the input signal to utilize a model 
reference control technique to generate a digital first 
control signal\ representing a movement of the member, and 
to generate a\ second control . signal representing an 
expected response of the actuator to the digital first 
control signal ; 

a second contVol portion responsive to the digital 
position error signad, the digital first control signal, 
and the second contro\ signal, and operable to generate in 

control signal 



control signal, £ 
5to a \ digital 



response thereto a \ digital third 
representing a movement of the_member; 



movement cxr_t. 
ligital to\ a 



30 



a first digital to\ analog converter operable to 
convert the digital firsts^ control signal to an analog 
first control signal; 

a second digital to analog converter operable to 
convert the digital third control signal to an analog third 
control signal; and 

a junction responsive to t3he analog first control 
signal and the analog third controlVsignal , and operable to 
generate the actuator control sigkal by combining the 
analog first control signal and the \nalog third control 
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signal^ in a manner giving the analog first control signal 
greater weight than the analog third control signal . 




A control system according to Claim 1, wherein 
said f irs^control portion includes: 

a model reference of the actuator responsive to a 



feedf orward \control signal representing an operation to be 
effected by the actuator in order to place the member in 
the target position, and operable to generate a model 
10 control signal^ representing an expected response of the 

actuator to the \f eedf orward control signal; and 

a model reference control circuit responsive to the 

\ 

model control signal and the input signal representing the 
specified state of Vthe actuator, and operable to generate 

15 the feedforward control signal in response to the model 

control signal anc A the input signal, wherein the 
feedforward control signal is a digital signal ; 

the first digital Control signal being the feedforward 
control signal, and the \econd digital control signal being 

20 the model control signal A 
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3. A control system according to Claim 1, wherein 
said\ second control portion includes: 

a summing arrangement operable to receive the digital 
first \control signal and the digital third control signal, 
5 and operable to generate a digital positioning signal by- 

adding t^he digital first control signal and the digital 
third control signal in a manner giving the digital first 
control signal greater weight than the digital third 
control signal; 

10 a state estimator responsive to the digital 

positioning ^signal and the digital position error signal, 
and operable\ to generate a state estimation signal 
representing an estimated state of the actuator; 

a summing arrangement responsive to the second control 
15 signal and the state estimation signal, and operable to 

generate a state\ error signal by subtracting the state 
estimation signal from the second control signal; and 

a control law \responsive to receive the state error 
signal and operable^ to generate a correction control 
2 0 signal; 

the digital third ^pontrol signal being the correction 
control signal. 




4. A control system according to Claim 1, wherein 

2 5 the second control signal includes information representing 

an expected position of the member. 

5. A control system according to Claim 1, wherein 
the second control signal included information representing 

3 0 an expected velocity of the membe\. 
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6. A control system according to Claim 1, wherein 
the ^second control signal includes information representing 
an expected acceleration of the member. 



7 \ A control system according to Claim 1, wherein 
the secpnd control signal includes information 



\ 

seapnd 

representing an expected position, velocity and 



acceleration^ of the member. 
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A control system according to Claim 1, wherein 



the state estimation signal includes information 
representing an estimated position of the member. 

15 9. A control System . according to Claim 1, wherein 

the state estimation signal includes information 
representing an estimated velocity of the member. 



10. A control systerr^ according to Claim 1, wherein 
2 0 the state estimation signal includes information 

representing an estimated acceleration of the member. 
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1. A control system for controlling a hard disk 
ve having a rotatably supported dipk, a read/write head 
which is movable relative to the di^k and which outputs an 
analog servo wedge signal reacif from the disk, and an 
actuator operable to urge mo^^ment of the read/write head 
relative to the disk in regfconse to an analog positioning 
signal, said control sys^fem comprising: 

a position-error-^ignal channel operable to generate 
an analog position e-tror signal in response to the analog 
servo wedge signal/; 

an analog -^to- digital converter circuit operable to 
convert the sfnalog position error signal to a digital 
position error signal; 

a digital signal processor operable to generate 
digital /positioning information as a function of the 
digita/ position error signal, said digital signal 
processor utilizing a model reference control technique in 
gepferating the digital positioning information; and 

a digital-to-analog converter operable to convert the 
/digital positioning information into the analog positioning 
signal . 
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12. A control system according to Claim 11, wherein 
igital positioning information generated by said 
signal processor includes : 

irst positioning signal component; and 
a c^igital second positioning signal component; and 
d digital-to-analog converter includes: 
digital-to-analog converter operable to 
igital first positioning signal component into 
log fii^t positioning signal component; 

second\ digital-to-analog converter operable to 
convert the digital second positioning signal component 
into an analog second positioning signal component; and 

a summing arrangement operable to generate the analog 
positioning signaA by combining the analog first 
positioning signal \component and the analog second 
positioning signal component in a manner giving the analog 
first positioning signal component greater weight than the 
analog second positioning signal component. 



13. A control system Recording to Claim 11, further 
comprising : 

a power amplifier operable to amplify the analog 
positioning signal to generate an amplified analog 
positioning signal which is applied to the actuator. 
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14. A control system according to Claim 11, wherein 
sai$ digital-to-analog converter and said digital signal 
processor are fabricated in a single piece of semiconductor 
material . 
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15. \ A control system according to Claim 11, wherein 
said digi\tal-to-analog converter circuit and said digital 
signal processor are fabricated in a single piece of 
semiconductor material which is silicon, 

16. A control system according to Claim 11, wherein 
said digital s\Lgnal processor is further operable to 
utilize a state\ estimator technique in generating the 
digital positioning signal 

17. A control Wstem according to Claim 11, wherein 
said digital signal \processor is further operable to 
utilize a control law iri^ generating the digital positioning 
signal 
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18. A control system according to Claim 11, wherein 
the \digital positioning information generated by said 
digital signal processor includes: 

a digital first positioning signal component; and 

a\digital second positioning signal component; 

said digital signal processor being operable to 



utilize said model reference control technique to generate 
the digital first positioning signal component; and 

said ^digital signal processor being operable to 
10 utilize a sWe estimator technique to generate a state 

estimate signal in response to the digital positioning 
signal and th^y digital position error signal, and being 
operable to utilize a control law technique to generate the 
digital second positioning signal component in response to 
15 the state estimate^ signal and said model reference control 

technique; \ 

said digital -toVanalog converter including: 

a first digital- to-analog converter operable to 
convert the digital firW positioning signal component into 
20 an analog first positioning signal component; 

a second digital -to- analog converter operable to 
convert the digital secorid positioning signal component 
into an analog second positioning signal component; and 

a summing arrangement operable to generate the analog 
25 positioning signal by combining the analog first 

positioning signal component^ and the analog second 
positioning signal component in a manner giving the analog 
first positioning signal component^ greater weight than the 
analog second positioning signal component. 
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19. A method for controlling an apparatus which 
includes an actuator that has a movable member and that 
urges movement of the member in response to an actuator 
control ^signal , and which is operable to generate a digital 
5 position\error signal representing an actual state of the 

member, sakd method comprising the steps of: 

using \a model reference control technique responsive 
to an input^signal representing a target position of the 
member to generate a digital first control signal which 
10 represents a movement of the member, and to generate a 

second control s\gnal which represents an expected response 
of the actuator t\ the digital first control signal; 

generating a digital third control signal in response 



to the digital position error signal, the digital first 
15 control signal, and the second control signal, the digital 

third control signa]\ representing a movement of the 
member; 

converting the digital first control signal into an 
analog first control signal; 
20 converting the digital third control signal into an 

analog third control signal Aand 

generating the actuator Vontrol signal by combining 
the analog first control signal and the analog third 
control signal in a manner giving, the analog first control 
25 signal greater weight than the analog third control signal. 
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\20. A method according to Claim 19, wherein said step 
of u^.ng said model reference control technique includes 
the steps of : 

generating a model control signal representing an 
expected^ state of the actuator in response to a feedforward 
control ^gnal which represents an operation to be effected 
by the acquator in order to place the member in a target 
position; ami 

generating the feedforward control signal in response 
to the model control signal and the input signal, wherein 
the f eedf orward\control signal is a digital signal; 

the digital first control signal being the feedforward 
control signal, and the second control signal being the 
model control signaO.. 
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A method according to Claim/18, wherein said step 
of generating the digital third ccjpftrol signal includes the 
steps of : 

generating a digital petitioning signal by adding the 
digital first control sigj^cil and the digital third control 
signal in a manner giving the digital first control signal 
greater weight than Jftie digital third control signal; 

generating yi response to the digital positioning 
signal and th^ digital position error signal a state 
estimation signal representing an estimated state of the 
actuator; 

lerating a state error signal by subtracting the 
statj^ estimation signal from the second control signal; and 
generating in response to the state error signal a 
correction control signal which is the digital third 
control signal. 



